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AMENDMENTS T O THE CLAIMS 

Please amend the claims as follows: 

1 . (Currently Amended) A towable marine acoustic source apparatus for use jn 
seismic survey campaigns , comprising: 

(a) an array including at least a first cluster, said array being adapted to 
q ft n era l a seismic si g nal adapted to Incata a subsurface structure in an earth formation, 
said first cluster including at least two acoustic sources each having a longitudinal axis, 
said first cluster being defined by a spatial relationship wherein: 

(j) said acoustic sources are disposed at a substantially common 

depth, and 

(ii) each said longitudinal axis of said sources are substantially 
orthogonal to a pre-determined direction of towing; and 
(b) at least one protective tube for substantially enclosing one of a portion of 

a supply line between the termination and said acoustic sources, a positioning device, a 

gun controller and a depth measurement device. 

2. (Original) The apparatus of claim (1 ) wherein said longitudinal axes of said 
acoustic sources are one of (a) generally parallel to the water surface, and (b) generally 
perpendicular to the water surface. 

3. (Original) The apparatus of claim (1) wherein said protective tube comprises: 

(a) at least one coupling, said coupling having a neck portion matable with 
said acoustic source and a barrel portion adapted to enclose a portion of the supply line, 
and 

(b) at least one flexible sleeve joined to said coupling. 

4. (Original) The apparatus of claim (1) wherein said first cluster comprises at least 
two air guns. 

5 (Original) The apparatus of claim (4) wherein said air guns each have a 
connection interface adapted for receiving one of gas, electrical power, and data; and 
further comprising a first set of air guns having said connection interfaces oriented in a 
first direction and a second set of air gun* having said connection interfaces oriented in 
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a second direction, said first direction being different from said second direction. 

6. (Original) The apparatus of claim (4) wherein said air guns each have a 
connection interface adapted for receiving one of gas, electrical power, said connection 
interfaces being oriented in substantially the same direction. 

7. (Original) The apparatus of daim (4) wherein said air guns each have a 
connection interface adapted to receive one of gas. electrical power, and data signals 
from a supply line; and further comprising a connector for coupling said connection 
interface to the supply line; said connector having a bent end that mates with the supply 
line without causing substantial bending of the supply line. 

8. (Original) The apparatus of claim (4) wherein said coupling has a first and 
second mating shell. 

9. (Original) The apparatus of claim (4) wherein said air guns each include ports, 
and wherein said first cluster is further defined by said air gun ports being aligned in 
substantially along a first plarte. 

10 (Original) The apparatus of claim (9) further comprising a second cluster of at 
least two air guns, said second cluster air guns each having ports aligned substantially 
along a second plane that is substantially parallel to said first plane. 

1 1 (Original) The apparatus of claim (4) wherein said air guns each have a pre- 
defined center, said air guns having a center-to-center spacing is no greater than about 
D„ where D s is catenated by the equation: D, = .62 • V 1 ' 3 meters, where v is a volume 
of a largest operative acoustic source in cubic inches. 

1 2 (Original) The apparatus of claim (4) wherein said air guns each have a pre-defined 
center, said air guns having a center-to-center spacing that is no less than (0 e -(Dc)(50%)), 



,1/3 

where D c is calculated by the equation: D c = " 
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source absolute pressure, Po is an ambient absolute pressure, and V is a volume of said 
acoustical source in said cluster. 

1 3. (Currently Amended) A towable marine acoustic source apparatus deployable 
from a service vessel having a tow line that includes a termination, the apparatus 
comprising: 

(a) an array including at least a first cluster, said array being adapted jo 
g gnsral a seism* sinnal adaot p H to locate a subsurface structure in an earth formation , 
said first cluster including at least two acoustic sources each having a longitudinal axis, 
said first cluster being defined by a spatial relationship wherein; 

(i) said acoustic sources are disposed at a substantially common 

depth, and 

(ii) each said longitudinal axis of said sources are substantially 
orthogonal to a pre-determined direction of towing; and 

(b) a harness connecting the sources to the termination, said harness 
absorbing a substantial portion of the tension force induced during towing. 

14. (Original) The apparatus of claim (1 3) wherein said harness comprises a collar 
associated with each source and a plurality of linking members, said linking member 
providing a mechanical connection between each collar. 

1 5. (Original) The apparatus of claim (1 3) wherein said longitudinal axes of said 
acoustic sources are one of (a) generally parallel to the water surface, and (b) generally 
perpendicular to the water surface. 

1 0. (Original) The apparatus of claim (1 3) wherein said cluster comprises at least two 
air guns. 

1 7 (Original) The apparatus of claim (1 6) wherein said air guns each have a 
connection interface adapted for receiving one of gas, electrical power, and data; and 
further comprising a first set of air guns having said connection interfaces oriented in a 
first direction and a second set of air guns having said connection interfaces oriented in 
a second direction, said first direction being different from said second direction. 
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1 8. (Original) The apparatus of claim (1 6) wherein said air guns each have a 
connection interface adapted for receiving one of gas. electrical power, said connection 
interfaces being oriented in substantially the same direction. 

19. (Original) The apparatus of claim (16) wherein said longitudinal axes of said 
acoustic sources are one of (a) generally parallel to the water surface, and (b) generally 
perpendicular to the water surface. 

20. (Original) The apparatus of claim (1 6) wherein said air guns each include ports, 
and wherein said first cluster is further defined by said air gun ports being aligned in 
substantially along a first plane. 

21 . (Original) The apparatus of daim (20) further comprising a second cluster of at 
least two air guns, said second cluster air guns each having ports aligned substantially 
along a second plane that is substantially parallel to said first plane. 

22 (Original) The apparatus of claim (16) wherein said air guns each have a pre- 
defined center, said air guns having a center-to-center spacing is no greater than about 
D 8 , where D s is calculated by the equation: D, =.62 V" meters, where V is a volume 
of a largest operative acoustic source in cubic inches. 

23 (Original) The apparatus of claim (16) wherein said air guns each have a predefined 
center.said air guns having a centeMo-center spacing that is no less than (D C -(D C )(50%». 

where D a ts calculated by the equation; D.^iv] . where P Is ah acoustical 

source absolute pressure. Po is an ambient absolute pressure, and V is a volume of said 
acoustical source in said cluster. 

24. (Currently Amended) A method of performing a marine seismic survey tojocate 

ftiihsurface hydrocarbons , comprising: 

(a) towing a plurality of acoustic sources each having a longitudinal axis; and 

(b) providing an array having at least a first cluster. ™iri array heinq adapted 

Imctureinanearth 



to pener; 
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formation, the first cluster being formed by: 

(i) positioning the acoustic sources along a plane generally parallel 

with a water surface; and 

00 aligning the longitudinal axis of each acoustic source substantially 
orthogonal to a predetermined direction of towing; and 
(c) enclosing in a tubular member one of a portion of a supply line between a 

termination and the sources, a positioning device, a gun controller and a depth 

measurement device. 

25 (Original) The method of claim (24) further comprising aligning the longitudinal 
axes of the acoustic sources in one of (a) generally parallel to the water surface, and (b) 
generally perpendicular to the water surface. 

26 (Original) The method of claim (24) wherein the acoustic sources include at least 
two air guns each having a longitudinal axis, and a connection interface adapted for 
receiving one of gas, electrical power, and data. 

27 (Original) The method of claim (26) further comprising: orienting the connection 
.nterfaces of a first set of air guns in a first direction; and orienting the connection 
interfaces of a second set of air guns in a second direction different from the first 
direction. 

28. (Original) The method of claim (26) further comprising orienting the connection 
interfaces of the air guns in substantially the same direction. 

29 (Original) The method of claim (26) further comprising aligning me longitudinal 
axes of the acoustic sources in one of (a) generally parallel to the water surface, and (b) 
generally perpendicular to the water surface. 



30. 



,u (Original) The method of claim (26) wherein the air guns each have a pre-defined 
center, the air guns having a center-to-center spacing is no greater than about D„ where 
Miscalculated by the equation. D, = .62-F" 3 meters, where V is a volume of a largest 
operative acoustic source in cubic inches. 
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31 . (Original) The method of claim (26) wherein the air guns each have a pre- 
determined center and the air guns having a center-to-center spacing no less than <D 0 - 



f V 3 

' -L -Ly I , where P is an 
^4* P. 



(06X50%)), where D c is calculated by the equation: D c - 2 

acoustical source absolute pressure, Po is an ambient absolute pressure, and V is a 
volume of the air gun in the cluster. 

32. (Original) The method of claim (26) wherein the air guns each include ports, and 
further comprising aligning the air gun ports substantially along a first plane. 

33 (Original) The method of claim (32) further comprising forming a second cluster 
of at least two air guns each having ports; positioning the second cluster adjacent the 
first cluster; and aligning the ports of the second cluster air guns along a second plane 
that is substantially parallel with the first plane. 

34. (Currently Amended) A method of performing a marine seismic survey tolocate 
subsurface hydrocarbons , comprising: 

(a) towing a plurality of acoustic sources each having a longitudinal axis; and 

(b) providing an array having at least a first cluster, said array beinq adapted 
to th^i « seis " ^ adapted »> a subsurfaca structure in an earth 
formation, the first cluster being formed by: 

( i) positioning the acoustic sources along a plane generally parallel 

with a water surface; and 

(U) aligning the longitudinal axis of each acoustic source substantially 
orthogonal to a pre-determined direction of towing; and 
(c) connecting the sources to a termination to form a connection that absorbs 
a substantial portion of the tension force induced during towing. 

35 (Original) The method of claim (34) wherein said connecting step includes 
fastening a collar on each source, and linking each collar to the termination. 

36 (Original) The method of claim (34) wherein the acoustic sources include at least 
two air guns each having a longitudinal axis, and a connection interface adapted for 
receiving one of gas, electrical power, and data. 
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37 (Original) The method of claim (36) further comprising aligning the longitudinal 
axes of the acoustic sources in one of (a) generally parailel to the water surface, and (b) 
generally perpendicular to the water surface. 

38 (Original) The method of claim (36) further comprising orienting the connection 
interfaces of a first set of air guns in a first direction; and orienting the connects 
interfaces of a second set of air guns in a second direction different from the first 
direction. 

39. (Original) The method of claim (36) further comprising orienting the connection 
interfaces of the air guns in substantially the same direction. 

40 (Originate method of daim (36) wherein the air guns each have a pre-defined 
center, the air guns having a center-to-center spacing is no greater than about D, where 
D 9 is calculated by the equation: Z>, — -62 ■ V v% meters, where V is a volume of a .argest 
operative acoustic source in cubic inches. 

41 (Original) The method of claim (36) wherein the air guns each have a pre- 
determined center and the air guns having a center-to-center spacing in a range that is 
no less than (D c - (0^(50%)). where D c is calculated by the equation: 

LL vT where P is an acoustical source absolute pressure, Po is an 
ambient absolute pressure, and V is a volume of the air gun in the cluster. 

42 (Original) The method of claim (36) wherein the air guns each Include ports, and 
further comprising aligning the air gun ports generally along a first plane. 

43 (Original) The method of claim (42) further comprising forming a second cluster 
of at least two air guns each having ports; positioning the second 
cluster, and aligning the ports of the second Custer generally along a second plane that 
is substantially parallel with the same plane. 



f3 P.. 
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44. (Original) A marine acoustic source system fnnrn in seismic survg y campaigns , 

C ° mPri t) ' an acoustic array including at .east one cluster, s aid array heinq adapte d 

nl I seismic signal edited to l o c at e a subsurface structure 1 0 an ear* 

^—^Ternaving at least two acoustic sources, said sources each havng a 
longitudinal axis, said cluster being defined by a spatial relationship where.n: 

(i) said acoustic sources are aligned In a plane generally parallel 

with the water surface; and 

(li) each said longitudinal axis of said sources are substantially 
orthogonal to a pre-determined direction of towing; 
(b) a supply line operatively connected to said acoustic array, said supply Une 
adapted to convey one of power and data to said acoustic array; 

(0 a protective tube enclosing at least a portion of said supply line; 

(d) 



and 



(g) 



w a harness that connects to each of said acoustic sources; 
re) a termination matable with said supply line and said harness; 
(f) a tow line connected to said termination for towing said array through water, 

a service vessel to which said tow line is attached. 

45 (Previously presented) A towable marine acoustic source apparatus, comprising: 
45 ' n array induding at least a first cluster, sa* first Custer ~ * «~ 

relationship wherein: . - 

(„ * ■-»- «» *— • * >«*>**">«*> c ° n,mon 

W each m* Mrf-MM sources are subaUrnriaAy orthoaooaUo . 
redetermined direction of towing; and 

P T -h said tatffcM 3* o, said sources are subs,en«y 0*0300* to . 
horizontal plane. 

46. previous,, pmsented) The apparafcs of Cairn (45) therein se'rd ft* duster 
comprises at least two air guns. 

„ tP^us.»P^)™e^us rf d^(46)wh 9 reinsa«* S u^eaoh^ve 
. conned — ~.pe- « « ,es. ete=u*ai P o»er. s„d connect 
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interfaces being oriented in substantially the same direction. 

48. (Previously presented) The apparatus of claim (46) wherein said air guns each have 
a pre-defined center, said air guns having a center-to-center spacing is no greater than 
about D„ where D s is calculated by the equation: D t = .62 meters, where V is a 
volume of a largest operative acoustic source in cubic inches. 

49. (Previously presented) The apparatus of claim (46) wherein said air guns each have 
a pre-defined center, said air guns having a center-to-center spacing that is no less than 

[ 3 P i 

(Do - (^(50%)), where D c is calculated by the equation: D c = 2 \^^ V j ■ where P ls 

an acoustical source absolute pressure, Po is an ambient absolute pressure, and V is a 
volume of said acoustical source in said cluster. 

60. (Previously presented) A method of performing a marine seismic survey, comprising: 

(a) towing a plurality of acoustic sources each having a longitudinal axis; and 

(b) providing an array having at least a first cluster, the first cluster being formed 

by: 

(i) positioning the acoustic sources along a plane generally parallel with 

a water surface; and 

(ii) aligning the longitudinal axis of each acoustic source substantially 

orthogonal to a pre-determined direction of towing; and 

(iii) aligning the longitudinal axis of each acoustic source substantially 

orthogonal to the water surface. 

51 . (Previously presented) The method of claim (SO) wherein the air guns each have a 
pre-defined center, the air guns having a center-to-center spacing is no greater than about 
O s , where D 8 is calculated by the equation: D, =.62. F 1 ' 3 meters, where Vis a volume of a 
largest operative acoustic source in cubic inches. 

52. (Previously presented The method of claim (50) further comprising: 
defining a center for each air gun; and 

maintaining a center-to-center spacing no less than (D c - (De)(50%», where D e is 
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calculated by the equation: D.-^~Vj . where P is an acoustical source absolute 
pressure, Po is an ambient absolute pressure, and V is a volume of the air gun in the duster. 

53. (Previously presented) The method of claim (60) further comprising forming a second 
cluster of at least two air guns each having ports; positioning the second cluster adjacent the 
first cluster; and aligning the ports of the second cluster air guns along a second plane that is 
substantially parallel with the first plane. 

54. (Previously presented) A marine acoustic source system, comprising: 

(a) an acoustic array including at least one cluster, said cluster having at least two 
acoustic sources, said sources each having a longitudinal axis, said cluster being defined by a 

spatial relationship wherein: 

(i) said acoustic sources are aligned in a plane generally parallel with 

the water surface; 

(ii) each said longitudinal axis of said sources are substantially 
orthogonal to a pre-determined direction of towing; 

(iii) each said longitudinal axis of said sources are substantially 
orthogonal to the water surface; 

(b) a supply line operatively connected to said acoustic array, said supply line 
adapted to convey one of power and data to said acoustic array; 

(c) a termination matable with said supply line; 

(d) a tow line connected to said termination for towing said array through water; 



and 



(e) a service vessel to which said tow line is attached . 
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